Background. Efforts to maximize transplantation by matching organ quality to recipient longevity require reliable tools. The US kidney allocation system uses the Kidney Donor Risk Index (KDRI) for this purpose, and many centers additionally rely on donor biopsies. The Leuven score combines donor age with procurement histology (glomerulosclerosis and interstitial fibrosis/tubular atrophy) to predict allograft survival. Methods. We compared KDRI with Leuven scores for associations with kidney discard, delayed graft function, and allograft function and survival. We used Cox, modified Poisson, and linear regression to calculate risks based on KDRI and (separately) Leuven scores, adjusting for important transplant and recipient variables. Results. From 890 donors, 1729 kidneys were procured and biopsied. Five hundred eighty-five (34%) kidneys were discarded. Median donor age was 53 years (interquartile range [IQR], 44-61 years). Median KDRI and Leuven scores were 1.56 (IQR, 1.28-1.90) and 59 (IQR, 49-69). Relative risk for discard was 1.21 (95% confidence interval [CI], 1.17-1.24) per 0.2-unit increase in KDRI and 1.38 (1.31-1.46) per 10-unit increase in Leuven score. Adjusted relative risks for delayed graft function were 0.98 (95% CI, 0.94-1.02) and 0.94 (95% CI, 0.90-0.99), adjusted hazard ratios for graft failure were 1.10 (95% CI, 1.04-1.16) and 1.11 (95% CI, 1.02-1.21), and adjusted linear regression coefficients for 3-year estimated glomerular filtration rate were −3.88 (−4.63 to −3.13) and -5.18 (−6.19 to −4.18). Conclusions. In kidneys clinically selected for procurement biopsy, the Leuven score was more strongly associated with discard but performed similarly to KDRI for predicting transplant outcomes, suggesting the need to reevaluate current procurement biopsy practices. Given modest associations for both tools; however, neither KDRI nor the Leuven score should be used in isolation for individual organ acceptance decisions.
A pproximately 100000 individuals currently await kidney transplantation in the United States. Roughly 30000 adults are added to the waiting list each year, but the number of transplants has remained steady over the past decade at around 17000 annually, leading to increasing mortality on the waiting list. 1 To expand the number of kidneys for transplantation, organ procurement organizations (OPOs) have increasingly used less than ideal deceased donors. In addition, the Organ Procurement and Transplantation Network (OPTN) sought to improve matching between organ quality and expected recipient survival in hopes of reducing retransplantation rates by initiating a new kidney allocation system in December 2014. The OPTN now uses the Kidney Donor Risk Index (KDRI) as the measure of organ quality for the matching algorithm; however, many transplant centers in the United States also request procurement kidney biopsies to aid in kidney offer decision-making.
The primary concerns about performing procurement biopsies are that they delay decisions and prolong cold ischemia, which could further injure already "marginal" kidneys, encourage unnecessary discards, and increase healthcare costs. There is also a lack of standardization in how procurement biopsies are performed, processed, examined, and reported, as well as uncertainty about their predictive utility. 2, 3 Procurement kidney biopsies are rarely performed in Europe despite higher transplantation rates for "marginal" kidneys with similar outcomes compared with the United States. 4 These and other concerns have led some to suggest abandoning procurement biopsies altogether. 5 Prior studies have evaluated donor kidney biopsy features but have reported inconsistent results for associations with posttransplant outcomes. 6 Despite their limitations, procurement biopsies are being performed more often in the United States and are associated with increasing rates of discard. For example, Stewart et al 7 demonstrated that much of the rise in kidney discards during the last decade (from 13% in 1999 to 19% in 2009) can be attributed to more biopsies in addition to changing donor characteristics. Primary reasons to request a procurement biopsy are likely linked to underlying clinical concerns about donor quality. Because these underlying indications for biopsy may confound relationships with posttransplant outcomes, we performed a large cohort study of kidneys selected for procurement biopsy to compare the utility of a well-described clinicohistopathological score to that of KDRI itself primarily for predicting kidney discard. We secondarily compared its performance for the development of delayed graft function (DGF) and 3-year allograft function and survival.
MATERIALS AND METHODS

Cohort and Data Sources
This is an ancillary study to an ongoing multicenter deceased organ donor cohort (ClinicalTrials.gov identifier: NCT01848249). Details regarding donor enrollment and data collection are available in prior publications. [8] [9] [10] [11] [12] [13] Briefly, 5 participating OPOs enrolled donors between May 2010 and December 2013. Detailed donor and organ characteristics were extracted from OPO charts. We excluded donors younger than 5 years and those that were not biopsied or had missing data necessary for the analysis.
This study also used data from the OPTN. The OPTN data system includes information on all donors, waitlisted candidates, and transplant recipients in the United States, submitted by the members of the OPTN and is more fully described elsewhere.
14 The Health Resources and Services Administration, US Department of Health and Human Services provides oversight to the activities of the OPTN contractor. Recipient characteristics and outcomes were ascertained using data submitted by transplant centers to the United Network for Organ Sharing (UNOS), the current OPTN contractor, through routine transplantation and follow-up forms.
Based on individual OPO practices, wedge or needle biopsies were performed on ex vivo kidneys immediately after procurement. Tissue samples were not collected for this study. On-call donor hospitals evaluated frozen sections from procurement biopsies to generate reports that were uploaded to the secure, Web-based DonorNet maintained by UNOS for review by transplant centers during kidney allocation. Data from these clinically available pathology reports were abstracted to calculate the previously described "3-year prediction" Leuven Donor Risk Score (Leuven score). 15 The Leuven score is calculated from donor age (years), percent glomerulosclerosis (GS) and interstitial fibrosis/tubular atrophy (IFTA) grade according to the Banff '07 classification 16 using the following equation: age + (2×GS) + (10×IFTA), where GS <10% = 0, ≥10% = 1; and IFTA ≤5% = 0, 6-25% = 1, 26-50% = 2, >50% = 3. We specifically chose this clinicohistopathological score for the following reasons. First, the score was initially developed using multivariable modeling in a cohort of 181 procurement biopsies that were not clinically available for allocation or discard decisions. Second, the score was validated in a separate group of 367 procurement biopsies and found to provide "sufficient predictive performance to guide kidney allocation" with an area under the receiver-operating characteristic curve (AUC) for 3-year allograft survival of 0.70. Third, we could calculate the score from clinically available procurement kidney biopsy reports, which provided variable summary information about the degree of GS, IFTA, arteriosclerosis, and acute tubular necrosis. Thus, based on current practices in the United States, transplant centers can similarly calculate the Leuven score from procurement kidney biopsy reports without requesting additional morphologic measurements.
We chose kidney discard (ie, kidneys procured for the purpose of transplantation but not transplanted) and time to allograft failure (defined as initiation/return to chronic dialysis, retransplantation, or death of the recipient) as coprimary outcomes. Secondary outcomes of interests were DGF (defined as any dialysis in the first week of transplant), allograft survival at 3 years, and allograft function at 1 and 3 years. Allograft function was assessed via estimated glomerular filtration rate (eGFR) calculated from serum creatinine values reported to UNOS using the Chronic Kidney Disease Epidemiology Collaboration equation. 17 We carried forward the last eGFR reported for recipients that died with functional allografts and imputed eGFR as 10 mL/min per 1.73 m 2 after instances of death-censored graft failure.
We adhered to the ethical principles of the Declaration of Helsinki, 18 and the institutional review boards and/or scientific committees for all participating organizations approved the study. Data for deceased donors were collected if donor surrogates agreed to research, and institutional review board waiver of consent was approved for recipient outcomes given our use of deidentified OPTN data. The clinical and research activities reported here are also consistent with the principles outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism. 19 
Statistical Analyses
We calculated descriptive statistics and reported values as mean (SD) or median [interquartile range] for continuous variables and as frequency (percentage) for categorical variables. We used Wilcoxon rank-sum tests to compare continuous variables between groups and χ 2 or Fisher exact tests as appropriate for categorical comparisons. We calculated the KDRI as described by Rao et al 20 with mapping to the Kidney Donor Profile Index (KDPI) relative to all US deceased donors in 2010. 21 Using modified Poisson regression to estimate relative risk (RR) and control for possible correlation of outcomes between kidneys from the same donor, we fit separate models using KDRI and then the Leuven score for the dichotomous outcomes of kidney discard, DGF, and 3-year allograft survival. We fit Cox proportional hazards models for time to allograft failure and linear mixed regression models for 1-and 3-year eGFRs. Based on the cohort distribution of KDRIs and Leuven scores, we calculated risk for each outcome per 0.2-unit increase in KDRI and per 10-unit increase in Leuven score. Because the aim of this study was to compare these clinical summary measures of donor/organ quality, no additional characteristics were used to adjust the models for kidney discard. Models for all other (posttransplant) outcomes, however, were subsequently adjusted for the use of machine perfusion, cold ischemia time (hours) and the following recipient variables: age (years), black race, sex, previous kidney transplant, diabetes as the cause of end stage renal disease, need for pretransplant blood transfusion, number of HLA mismatches, percent panel-reactive antibody (PRA), body mass index (weight/height 2 , kg/m 2 ), and preemptive transplant status. For kidney discard and allograft survival, we additionally controlled for KDRI to assess potential independent associations for the Leuven score.
Recipient follow-up was calculated from the date of transplant to all-cause allograft failure and administratively censored at the end of the study period on July 6, 2016. For dichotomous outcomes, we used each regression model to calculate AUCs. Analyses were completed using SAS 9.4 statistical software for Windows (SAS Institute, Cary, NC) and R 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria). We used a 2-tailed significance value less than 0.05 and controlled for possible correlation of outcomes between kidneys from the same donor for all statistical tests. Figure 1 depicts the cohort generation. Table S1 (SDC, http://links.lww.com/TXD/A119) shows the characteristics for the 1729 kidneys from 890 donors included in the analysis (ie, procured for the purpose of transplantation and biopsied) compared with the 1469 kidneys from 774 donors that were excluded (ie, no procurement biopsy). Kidneys from donors enrolled in the parent cohort that underwent biopsy tended to come from older donors with more comorbidities. There was substantial variation in procurement biopsy rate between OPOs (range, 16-87%; Table S2 , SDC, http://links.lww.com/TXD/A120). However, there were no clear correlations between OPO biopsy rates and severity of reported findings. One hundred twenty-two (8%) of the kidneys that were not biopsied (excluded from further analyses) were eventually discarded compared with 585 (34%) kidney discards for those that were biopsied and included in subsequent analyses (P < 0.001).
RESULTS
A total of 1144 (66%) biopsied kidneys were transplanted. Table 1 provides donor characteristics according to the number (0, 1, or 2) of resulting transplants. Median donor age was 53 years (44-61 years), 56% were male, 18% were black, 15% donated after cardiovascular determination of death, and 29% had KDPI greater than 85%. Median KDRI and Leuven score were 1.57 (1.29-1.91) and 59 (49-69), respectively. There was overlap between KDRIs and Leuven scores as shown in Figure 2 .
Median recipient age was 60 [50-66] years, 41% were male, 27% were black, 7% were preemptive transplants, 4% had prior transplants and 10% had PRA >80%. Table 2 provides recipient and transplant characteristics by median KDRI. 
Allograft Failure
Increasing values for either KDRI or the Leuven score were independently associated with allograft failure with adjusted hazard ratios (aHR) of 1.10 (1.04-1.16) for each 0.2-unit increase in KDRI and 1.11 (1.02-1.21) for each 10-unit increase in Leuven score ( Table 3 ). The aRRs for 3-year allograft failure were also similar for KDRI and Leuven score at 1.08 (1.03-1.14) and 1.10 (1.03-1.19) and with AUCs of 0.62 and 0.61, respectively. The baseline clinical model of 
Secondary Outcomes
Neither KDRI nor the Leuven score predicted DGF in this cohort with unadjusted AUCs of 0.5 and 0.53, respectively ( Table 4 ). The aRRs for DGF with KDRI and the Leuven score were 0.98 (0.94-1.02) and 0.94 (0.90-0.99), respectively. However, both scores were independently associated with worse allograft function at 1 and 3 years posttransplant (Table 5 ). Based on linear regression R 2 values, either score accounted for 10% to 11% of the variation in 1-and 3-year eGFRs, whereas multivariable models using either score and adjusting for transplant and recipient factors accounted for 12% to 15% of eGFR variation.
DISCUSSION
Current deceased-donor kidney transplant practices, on average, improve and prolong the lives of recipients, but the process to consider kidney offers involves individualized and often complex clinical decisions. In this large, multicenter study of deceased-donor kidneys selected to undergo biopsy, we found that the Leuven score (1) can be easily calculated from donor age and 2 histopathological findings available from procurement kidney biopsy reports and (2) performs no better than the 10-variable KDRI for predicting kidney discard as well as posttransplant allograft survival and function. Neither the Leuven score nor KDRI accurately predicted DGF in this cohort. We believe these findings support the notion that procurement biopsies, at least as they are currently performed and reported in the United States, lead to more kidney discards and provide no added value for predicting transplant outcomes.
It is important to note that over half of the donors enrolled in the parent cohort were biopsied with wide variation between OPOs. Kidneys from donors that underwent biopsy tended to have more unfavorable clinical characteristics and were much more likely to result in discard compared with those that did not undergo procurement biopsy. Because we cannot know the clinical outcomes for discarded kidneys had they instead been transplanted, theoretical arguments against discarding kidneys because of biopsy findings can be quite tenuous. Consequently, some OPOs obtain procurement kidney biopsies from most donors, and many centers request biopsies if not already available as permitted by OPTN Policy 2.11.A(2). 22 In fact, Stewart et al 7 noted an increase in biopsies from about 23% in 1999 to 50% in 2009-a substantial increase despite concomitant decreases in median donor age and KDRI over the same period.
In some transplant centers, GS is the primary donor biopsy information consistently reviewed because it provides a convenient cutoff (eg, >10%) for automatic offer turndowns. However, Banff guidelines for procurement biopsies discourage the use of "rigidly defined histologic cutoffs" during organ allocation. 2 This seems appropriate given the analyses by Massie et al, 23 which showed selected candidates experience improved survival with early acceptance of lower-quality (ie, high-KDPI) offers. Notwithstanding, whether a center should accept a lower-quality offer for an individual patient can be a challenging question, and there are high-volume centers that use procurement biopsies as part of their decision making process for select offers. Centers have also used standardized procurement biopsies to calculate histopathology scores to determine whether to transplant lower-quality kidneys from 1 donor into 2 recipients versus 1 as a dual-kidney transplant, resulting in acceptable outcomes. 24, 25 With regard to organ utilization at the national level, however, medical environments for transplantation in the United States are complex. Thus, variables affecting organ discard are complex and likely include regulatory oversight and diverse geographic, reimbursement, ethnosocioeconomic, and even behavioral economic issues, such as loss and risk aversion. 26 Nevertheless, procurement kidney biopsy is an important factor. 7 We noted a 34% discard rate for kidneys that underwent procurement biopsy-substantially higher than the 8% discard rate for nonbiopsied (excluded) kidneys. Although these divergent rates were comparable to national averages (31.4% for biopsied kidneys vs 6.8% for nonbiopsied kidneys), 1 the tendency to request procurement biopsies based on donor quality complicates analyses of organ utilization because of confounding by indication.
Confounding by indication in this setting was supported by our finding of reduced RR for discard with increasing Leuven score after adjusting for KDRI. Decreasing from an unadjusted RR of 1.38, the aRR of 1.22 remained statistically significant, however, indicating a persistent independent association between the Leuven score (ie, procurement biopsy) and kidney discard. Moreover, we were interested to find that the utility of the procurement biopsy Leuven score was essentially no different than that of KDRI for predicting allograft failure. In fact, both scores performed only modestly in this cohort with unadjusted AUCs that were less than the KDRI C-statistic reported as 0.62 for all deceased-donor kidney-only transplants in the OPTN database from 1995 to 2005. 20 Lending further support for confounding by biopsy indication, statistical significance for the Leuven score for predicting allograft failure was abolished after controlling for KDRI.
There are limitations to this study. Though we controlled for factors known to associate with allograft survival, residual confounding is possible given our observational design and use of OPTN data. Although the Banff Working Group recommended using frozen sections from wedge biopsies, the guidelines also described the limitations to this approach, including limited interobserver concordance for GS and IFTA. 2 Without biopsy slides, we could not assess other histologic scores from the literature, such as the chronic allograft damage index, 27 the Remuzzi score, 28 all chronic changes described in the Banff '97 classification, 29 or the Maryland aggregate pathology index. 30 Although prior studies have suggested that renal vascular changes based on these and other scoring systems have prognostic value, 31-34 the procurement biopsy reports used for the current study contained inadequate information for meaningful analyses on vessel pathology. Although independent, standardized reviews of biopsy slides could not be performed, we believe this study provides an innovative analysis of the pathology reports that are currently used during organ allocation. By definition, only transplanted kidneys have posttransplant outcomes, which make selection bias possible and underscores our decision to analyze discard as a primary outcome.
In conclusion, our data highlight some of the "real-world" clinical shortcomings of procurement biopsy reports and reveal their limited predictive utility. Given sufficient equipoise and the fact that deceased-donor organs are a national resource, we believe a properly designed donor trial is needed to collect procurement biopsy data to determine how to appropriately obtain and use this information. An example could be a large cluster trial for organ utilization and allograft outcomes in which OPOs are randomized to current biopsy practice versus standardized biopsies from prespecified donors (eg, KDPI >50%) with rapid fixation, 35, 36 whole-slide imaging, 37 and centralized pathology evaluation in real-time.
